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An imaging system (20) for viewing indicia (30) on an object to be observed (32) in which the indicia comprises a plurality of hard 
and/or soft marks. The light supplied by a light source (34) is collimated by at least one lens (36) and supplied toward an object to be 
observed and the reflected light is then focused at a focal plane (54) located adjacent a light receiving entrance of a camera (52). When a 
soft mark is imaged, the light is supplied at an angle to the optical axis and is focused by the lens to form an accurate image of the light 
source at the focal plane. Any light which contacts the unaltered specular reflective surface of the object to be observed as well as the 
central area of the soft mark facilitates a true and accurate reflection of the light source at the focal plane while the altered, non-flat areas 
of the object to be observed at least partially scatter or disperse the supplied light. When a hard mark is imaged, the light is supplied along 
the optical axis. 
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IMAGING SYSTEM AND METHOD 
OF IMAGING INDICIA ON WAFER 

Field of the Invention 
5 This invention relates to a system and method for 

imaging of various indicia in a desired surface and, more 
particularly, to imaging of laser-etched indicia on the 
surface of a polished, highly specular surface, such as a 
semiconductor wafer. 

10 Background of the Invention 

As can be seen in Fig. 1, a semiconductor wafer 14 
generally has a highly polished flat mirror like top 
surface 4 which is made from silicon or some other 
semiconductor material. The wafer generally has a 

15 diameter 2 of between four and twelve inches. Various 
marking indicia are placed upon a top surface of the wafer 
to provide pertinent information concerning the identity, 
type or content of the wafer. The marking indicia is 
typically in the form of individual dots which comprise 

20 characters and/or symbols. Accurate reading of that 
information, during the wafer manufacturing process, is 
critical for further processing of the wafer. 

Currently, an alphanumeric string or a bar code 6 is 
formed on a top surface 4 of the wafer 14 to identify 

25 the wafer 14. As the manufacturing cost associated with 
producing a wafer is very high, manufacturers wish 
to utilize substantially the entire surface area of the 
wafer to maximize production of desired electrical 
components. Accordingly, there is an increasing demand to 

30 place smaller and more compact indicia, e.g. a matrix 
code 8, on the surface of the wafer 14 which can contain 
as much as ten times more relevant information than a 
typical bar code or an alphanumeric string 6. However, 
due to the compact size and optical characteristics 

35 of the matrix code 8, it is much more difficult to read 
accurately by currently available vision systems. In an 
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attempt to partially overcome some of the reading 
difficulty, the matrix code 8 contains some redundancy so 
that even if a minor error (s) is made in reading the 
matrix code 8, all of the relevant information can still 
5 be accurately deciphered by the vision system. 

The marking placed on a wafer surface generally takes 
one of two forms, i.e. either a "hard mark" or a "soft 
mark". A hard mark is generally formed by a high powered 
laser marking process which etches an array of microscopic 

10 pits into a desired wafer surface to form a desired 
pattern. Upon formation of a hard mark, the material is 
ablated from the surface to yield a microscopic, steep 
edged pit. One of the drawbacks associated with a hard 
mark is the generation of dust and other process 

15 contaminants, upon creating the array of microscopic pits. 
The industry as a whole has been moving toward utilization 
of soft marks 10 which, as can be seen in Fig. 2, 
typically consist of an array of shallow, concave 
depressions formed in the top surface 12 of the flat 

20 semiconductor wafer 14. Soft marks are typically formed 
by a low powered laser marking process in which the 
surface is only slightly deformed to form the mark. The 
concave mark or depression is on the order of about 75 /xro 
in diameter and 1 p - 3 p in depth. Normally, the 

25 formation of a shallow, concave depression or soft mark 
results in displacement of the adjacent wafer surface 
material so as to form a slightly raised perimeter edge 16 
which circumscribes the shallow, concave depression or 
soft mark 10. Due to their shallow depth, soft marks are 

30 substantially more difficult to image than hard marks. 

The central surface area 18 of each concave 
depression making up the soft mark may retain a high 
degree of specularity, after the laser marking process, 
although its specularity is somewhat less than that of the 
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surrounding undisturbed flat surface area 19 of the 
wafer 14. The raised perimeter edge 16, which 

circumscribes each formed concave depression or soft 
mark 10, has a tendency to scatter the supplied light in 
5 a plurality of different directions and thus is an 
imperfect reflector of any supplied light. The indicia 
and the adjacent surrounding wafer surface area therefore 
differ both in their geometry and their surface 
specularity, with each indicia forming an extremely 

10 shallow concave, slightly u dirty" mirror in the surface of 
a flat clean mirror. The slight physical differences, 
between the soft marks and the adjacent surface area, are 
the only features that distinguish the marking indicia 
from the surrounding surface area 19 of the wafer 14. 

15 Because any process which alters the geometry of the 

wafer surface has the potential to result in contamination 
of the semiconductor wafer manufacturing process, it is 
desired that the indicia marking process for the 
semiconductor wafer results in a minimum alteration of the 

20 wafer surface. As the power and time duration of the 
laser beam utilized to create marking indicia increases, 
the geometry of the formed indicia differs more greatly 
than the geometry of the surrounding flat surface, thereby 
making them easier to image as well as more prone to 

25 contamination during the manufacturing process. 
Conversely, as the power and time duration of the marking 
laser beam are reduced in order to minimize the potential 
for altering the wafer surface and contaminating the 
manufacturing process, the geometry of the formed indicia 

30 differs only slightly from the geometry of the surrounding 
flat surface and the marks become correspondingly more 
difficult to image. It is to be noted that laser etched 
indicia can take a number of forms, depending upon the 
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geometry, the time domain and the energy profile or other 
attributes of the laser beam used to create the indicia. 

The marking indicia is typically imprinted on the 
semiconductor wafer very near an outer edge (Fig. 1) . 
5 After laser marking, the semiconductor wafer goes through 
the semiconductor manufacturing process where a number of 
thin layers of different materials are deposited on the 
wafer's top surface 4 resulting in a complex circuitry of 
individual semiconductor dies and a change in the surface 

10 density of the wafer. While the various surface 
deposition layers are extremely uniform across the 
interior of the wafer, where the individual dies are 
formed, it is characteristic of the various depositions to 
have non-uniform boundaries near the edge of the wafer 

15 where the marking indicia are located. The various wafers 
can have a smooth or a highly variable broken edge and 
these variable surface features can be superimposed on or 
over the marking indicia, greatly increasing the 
difficulty in properly imaging them to distinguish them 

20 from the surrounding surface. The roughly formed 
deposition layer boundaries, described above, typically 
have a surface gradient or slope which extend in a 
direction perpendicular to an adjacent edge of the wafer, 
i.e. the boundary between the two layers typically extends 

25 parallel to the edge but the gradient or slope between the 
two layers typically extends in an opposite direction 
which is perpendicular to the edge. 

A further problem associated with accurate imaging of 
a matrix code containing soft marks, is that one or more 

30 coatings 17 may be applied to the top surface 12 of the 
wafer 14 and such coating (s) 17 may partially or 
completely overlay the hard marks or the soft marks 10 
comprising the matrix code 8. Such coatings 17 can be 
either clear or opaque but are typically shiny and cause 
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additional problems in accurately reading the matrix 
code 8. 

The entire marking indicia on a semiconductor wafer 
can be up to about 42 millimeters wide. A single wafer 
5 may exhibit both sizes of marks. An imaging system with 
a f ield-of-view large enough to image the largest mark, 
typically has a resolution which is too course to image 
the smallest mark. Therefore, a comprehensive imaging 
solution must include the ability to provide different 

10 f ields-of-view so that all types of marking indicia can be 
accurately imaged. 

As can be seen in Fig. 1A, an alphanumeric string 6 
comprises a plurality of tiny pits created in a top 
surface of the wafer 14 to generate a code consisting the 

15 letter "A* 1 and the numbers "170", i.e. "A170". Fig. IB 
shows a portion of a matrix code 8 which is also formed 
from a plurality of tiny pits in a top surface 4 of the 
wafer 14 to generate a desire code. 

One prior art method used to illuminate surface 

20 marking indicia in a wafer, with an optical axis lying 
normal to the surface being imaged, is to provide 
illumination almost adjacent to, but not coincident, 
with the optical axis. As the radius of curvature of 
the marking indicia increases, due to lower power laser 

25 markings, the reflection geometry of the marking indicia 
requires that the angle between the optical axis and the 
nearly coaxial light supply source be very small, e.g. on 
the order of one degree or so. For example, marking 
indicia with a surface slope of one degree from horizontal 

30 will not reflect light from an off-axis light source along 
the optical axis until the light source is within two 
degrees of the optical axis. 

Because the camera is looking at a flat mirror 
surface, the f ield-of-view consists of a reflection of a 
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solid angle around the optical axis, which includes the 
camera aperture, plus an adjoining area whose dimensions 
can be readily calculated by known techniques. A flat 
mirror surface reflects an area surrounding the optical 
5 axis which is larger than the camera lens aperture. When 
the light source is brought very close to the optical 
axis, in an attempt to minimize the off -axis angle for the 
purpose of imaging soft mark surface marking indicia, the 
light source will at some point appear reflected in the 

10 periphery of the f ield-of-view. As the light source is 
brought close enough to the optical axis so that the 
shallow angled surfaces of the individual marking indicia 
are able to reflect light back to the camera lens, thereby 
appearing bright on a dark background, the reflection of 

15 the light source on the adjacent flat mirror can appear so 
close to the marking indicia themselves that their images 
appear to overlap. In addition, as the specularity of the 
flat mirror surface, surrounding the marking indicia, is 
significantly greater than the specularity of the 

20 laser-etch reflective central curved surface of the 
marking indicia, the flat surface reflection of the 
illumination source appears much brighter in the camera's 
f ield-of-view than the individual marking indicia. 

The apparent brightness of the marking indicia may be 

25 increased by increasing the intensity of the light source 
or by using a camera lens with a wider aperture which is 
capable of capturing more light. As the intensity of the 
light source is increased to increase the brightness of 
the marking indicia, a much brighter adjacent direct 

30 reflection of the light source may "bloom", due to photo- 
electric properties of the camera imaging array, and 
appear sufficiently large so as to impinge on the less 
bright marking indicia. Additionally, a larger aperture 
camera lens will reduce the depth of focus and also may 
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cause the reflected image of the light source to be overly 
bright and thus appear more out-of-focus and possibly 
impinge on the less bright marking indicia. Therefore, 
the prior art methods which simply seek to bring a diffuse 
5 light source close to the optical axis are limited, by the 
above noted effects, in how close to the optical axis the 
off -axis light source can be brought. These effects set 
a corresponding lower limit of the angle of the surfaces 
of the marking indicia which may be imaged with such 
10 techniques, and hence a lower limit on the degree of 
disturbance of the wafer's surface which must be tolerated 
by the manufacturing process. 
Summary of the Invention 

Wherefore, it is an object of the present invention 
15 to overcome the aforementioned problems and drawbacks 
associated with the prior art imaging systems. 

Another object of the invention is to provide an 
inspection system which is able to inspect both hard and 
soft marks, formed in a surface, merely by changing the 
20 path of the light supplied for imaging the indicia. 

A further object of the present invention is to 
create the maximum possible optical contrast between the 
concave specular marking indicia and the surrounding flat 
specular wafer surface area so as to allow such marking 
25 indicia to be imaged by a human operator, a visual 
inspection system or some other inspection means used in 
the manufacturing process of semiconductor materials. 

Still another object of the invention is to eliminate 
the appearance of glints and reflections in the image of 
30 a semiconductor surface caused by the edges of deposition 
layers on the semiconductor surface which may overlay the 
marking indicia. 

Yet another object of the invention is to minimize 
the associated costs in accurately reading marking indicia 
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as well as the size of the associated inspection equipment 
so as to provide the required imaging system in as small 
a package as possible. 

Another object of the invention is to minimize or 
5 eliminate the appearance of direct reflections of the 
light source in the camera's f ield-of -view, other than 
those emanating from the marking indicia themselves, 
thereby significantly enhancing the quality of the image 
and greatly increasing the proportion of the wafer's 
10 surface area that can be used for imaging the marking 
indicia. 

Still further object of the invention is to provide 
a single imaging solution for a highly variable process 
which may include a wide range of f ields-of-view, surface 

15 textures and marking geometries. 

Yet another object of the invention is to provide a 
flexible illumination system which consists of a planar 
illumination source placed on and lying perpendicular to 
an optical axis such that the planar source is capable of 

20 spacial modulation in order to achieve a variety of 
illumination effects when projected on the surface being 
imaged. 

A still further object of the invention is to provide 
a flexible illumination system composed of an array of 

25 discrete illumination elements, including a central 
illuminating element located on the optical axis of the 
light projection system. 

A further object of the invention is to provide a 
fine grain programmable light valve illumination system 

30 which is composed of a plurality of closely arranged 
illumination elements, which are individually switchable 
between opaque and transparent, to create an illumination 
pattern corresponding to the preferred reflective 
geometries for the individual depressions making up 
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the soft mark or for any other desired object to be 
illuminated. 

Yet another object of the invention is to provide a 
mechanism for individually controlling both the on-axis 
5 and the off-axis illumination elements of the illumination 
array . 

A further object of the invention is to use a 
projection lens to project an image of the light source 
toward a mirror-like surface to be imaged. 

10 A still another object of the invention is to provide 

a geometric relationship between the planar light source, 
the projection lens and the camera lens such that the 
image of the light source is created at a plane which is 
at or near an entrance pupil or an aperture of the camera 

15 lens. 

Still another object of the invention is to provide 
an illumination system which uniformly illuminates the 
desired area of the surface to be observed so that every 
point on the surface is perceived as being illuminated in 

20 the same manner as every other point. 

The invention relates to an imaging system for 
imaging a desired surface of an object to be observed, 
said imaging system comprising: a light source for 
supplying light to an object to be observed and containing 

25 indicia; a beam splitter, for receiving light from said 
light source and allowing a portion of said light to pass 
therethrough and be supplied to the object to be observed 
and for receiving light reflected by the object to be 
observed and reflecting a portion of the reflected light 

30 toward an imaging device; a focal plane for focussing a 
reflected image of the light reflected by the object to be 
observed and said beam splitter; a first lens for 
focussing an reflected image of said light source at the 
focal plane; and said imaging device having a light 

35 receiving input, located adjacent said focal plane, for 
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receiving only a portion of the light reflected by the 
object to be imaged while a remaining portion of the 
supplied light focusing a reflected image of said light 
source at said focal plane. 
5 The invention further relates to a method of imaging 

an object having at least one soft mark therein, said 
method comprising the steps of: supply a collimated light 
from a light source to a surface of said object to be 
observed which contains said at least one soft mark 

10 thereon; reflecting said supplied collimated light off 
said surface of the object, containing said at least one 
soft mark, and focussing the reflected collimated light at 
a focal plane; and positioning a light receiving input of 
an imaging device adjacent said focal plane such that only 

15 light which is imperfectly reflected and partially 
scattered by at least a perimeter area of said at least 
one soft mark enters said light receiving input and is 
perceived by said imaging device while a remaining portion 
of the supplied light is substantially perfectly reflected 

20 and forms an image of said light source at said focal 
plane and spaced from said light receiving input. 

These and other objects of the invention will be 
further understood by having reference to the attached 
drawings and the appended claims. 

25 The term "of f -axis' 1 , as used herein, designates light 

which is supplied other than along the optical axis of the 
system while the term "on-axis", as used herein, 
designates light which is supplied along the optical axis 
of the system. 

30 The term "perfect reflector", as used herein, means 

a surface which reflects the supplied light back at 
substantially the same intensity as the intensity of the 
received light and the reflected light is reflected back 
at an opposite identical angle, relative to the surface 

35 being observed, to the angle of the supplied light. The 
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teral "imperfect reflector", as used herein, means a 
surface which reflects the supplied light back at an 
intensity less than the intensity of the supplied light 
and the reflected light is reflected back at a plurality 
5 of different directions and angles, relative to the 
surface being observed. 

Brief Description of the Drawings 

The invention will now be described, by way of 
example, with reference to the accompanying drawings in 
10 which: 

Fig. 1 is a diagrammatic plan view of a semiconductor 
wafer having both an alphanumeric string and a matrix code 
formed thereon; 

Fig, 1A is a diagrammatic plan view of an 
15 alphanumeric string formed in a partially shown 
semiconductor wafer; 

Fig. IB is a diagrammatic plan view of a matrix code 
formed in a partially shown semiconductor wafer; 

Fig. 2 is a diagrammatic partial cross-sectional view 
20 of a portion of a matrix code, similar to that shown in 
Fig. 1, showing the surface contours of two formed soft 
mark indicia; 

Fig. 3 is a diagrammatic representation showing the 
inspection system according to the present invention; 
25 Fig. 3 A is a diagrammatic representation showing the 

simplest form of the inspection system according to the 
present invention; 

Fig. 4A is a first diagrammatic view, along section 
line 4-4 of Fig. 3, of the illumination light source; 
30 Fig. 4B is a second diagrammatic view, along section 

line 4-4 of Fig. 3, of the illumination light source; 

Fig. 4C is a third diagrammatic view, along section 
line 4-4 of Fig. 3, of the illumination light source; 



WO 98/52088 



PCT/US98/09738 



-12- 

Fig. 5A is a diagrammatic view, along section 
line 5-5 of Fig. 3, showing the projected image of the 
light source of Fig. 4A at the focal plane; 

Fig. 5B is a diagrammatic view, along section 
5 line 5-5 of Fig. 3, showing the projected image of the 
light source of Fig. 4B at the focal plane; 

Fig. 5C is a diagrammatic view, along section 
line 5-5 of Fig. 3, showing the projected image of the 
light source of Fig. 4C at the focal plane; 
10 Fig. 6 is a diagrammatic view showing a second 

embodiment of an array of LEDs for use in the inspection 
system according to the present invention; 

Fig. 7 is a diagrammatic perspective view showing a 
third embodiment of an array of LEDs for use in the 
15 inspection system according to the present invention, used 
in combination with a diffuser; 

Fig. 8 is a front elevational view of the diffuser of 
Fig. 7 showing the appearance of one illumination 
combination of the light source; 
20 Fig. 9 is a diagrammatic perspective view showing a 

fourth embodiment of an array of LEDs, for use in the 
inspection system according to the present invention, 
which is provided with partitioning cubicles and a 
diffuser; 

25 Fig. 10 is a front elevational view of the diffuser 

of Fig. 9 showing the light source appearance for one 
illumination combination of the LEDs; 

Fig. 11 is a diagrammatic perspective view showing a 
fifth embodiment of an illumination source for use in the 
30 inspection system according to the present invention; 

Fig. 12 is a front elevational view of the light 
source of Fig. 11 showing one illumination combination of 
the light source; 

Fig. 13 is a diagrammatic view showing a sagittal 
35 plane defined with respect to the wafer and the camera; 
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Fig. 14 is a diagrammatic top plan view of a 
f ield-of-view having illumination along the sagittal plane 
and reflecting a gradient or slope to the camera; 

Fig. 15 is a diagrammatic top plan view, similar to 
5 Fig. 14 , of a f ield-of-view with illumination being 
excluded from the sagittal plane thereby resulting in 
substantially no reflection from the gradient or slope; 

Fig. 16 is a diagrammatic drawing showing the light 
illumination and reflection characteristics at the surface 
10 of the wafer, and the focussed light according to the 
present invention; 

Fig. 17A is a diagrammatic representation showing a 
third embodiment of the inspection system according to the 
present invention; 
15 Fig. 17B is an enlarged partial diagrammatic 

representation showing the illumination of the wafer and 
the reflection of light off from the surface of the wafer; 

Fig. 18 is a diagrammatic representation showing a 
comparison between the light reflection and focusing 
20 characteristics of the first embodiment and the third 
embod imen t ; and 

Fig. 19 is a diagrammatic representation showing a 
fourth embodiment of the inspection system according to 
the present invention. 
25 Description of the Preferred Embodiments 

Initially, the basis concepts of the present 
invention will be set forth which will then be followed by 
a detail discussion of the invention. The reflection 
geometry of a semiconductor wafer surface and the marking 
30 indicia are well known in the art. Because the highly 
reflective wafer surface and the marking indicia differ 
only slightly in their reflective geometry, the present 
invention, like many of the prior imaging systems, seeks 
to exploit the different reflective geometry of the wafer 
35 surface and the marking indicia. However, the present is 
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an improvement over the prior art as it creates an 
improved image contrast between the two types of features, 
i.e. one very flat and one only slightly concaved. When 
the marking indicia are imaged, they typically fill only 
5 one-quarter or less of the f ield-of-view of the camera 
which is used to image them and typically appear in a 
narrow horizontal strip near the middle of the image. 

When the marking indicia are imaged, it is desirable 
to create maximum contrast in the f ield-of-view of the 

10 camera, e.g. to make the marking indicia appear uniquely 
bright with all other features in the vicinity of the 
marking indicia appearing dark. This simplifies imaging 
of the indicia and allows a simpler inspection algorithm 
to be used in locating the marking indicia in the image. 

15 The present invention makes use of a high quality 

projection lens to cause an image of the light source to 
be focussed at or near the plane of the entrance pupil or 
the aperture of an inspection device but off to the side 
such that light rays from the light source, which 

20 reflected off the flat mirror surface being inspected, are 
unable to enter the camera lens. The exact focus is not 
critical, but having the image of the light source miss 
the entrance pupil or aperture is of primary importance. 
This causes the entire flat mirror surface to appear dark 

25 when viewed through the lens of the camera. The central 
area of the formed depressions or marks, making up the 
marking indicia, behaves similarly to the flat mirror 
surface of the wafer and assists with focussing an image 
of the light source at or near the plane of the entrance 

30 pupil or the plane of the aperture of the inspection lens. 
The light rays from the light source which strike the 
non-flat raised perimeter edge 16 (Fig. 2) , which 
circumscribes the shallow concave depression or marks 10 
making up the marking indicia, are deviated from their 

35 normal reflective ray paths and can escape the confines of 
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the projected image at the entrance pupil or aperture of 
the camera lens to enter the camera lens proper. As a 
result, this portion of the marking indicia appears bright 
on a completely dark background and the intensity of the 
5 light source can be increased without creating large 
bright image artifacts elsewhere in the camera image. 

In order to accurately image and determine a matrix 
code 8 comprising a plurality of soft marks 10, two 
characteristics of the reflected light must be taken into 

10 consideration. First, the inventors have appreciated that 
the specular surface of the object to be observed 32 
(Fig. 3) as well as the central area 18 of the shallow 
concaved depression will reflect light like a mirror so 
that a true and accurate image of the light source 34, at 

15 the entrance pupil plane 54 or at an aperture plane 54' of 
the camera, will be created. However, any area or portion 
of the surface 31 of the object to be observed 32, which 
was altered during the formation of a soft mark 10 in the 
surface, will deflect or scatter the supplied light in a 

20 variety of different directions. Therefore, those areas 
will generally not assist, or only insignificantly assist, 
with forming a true and accurate reflection of the light 
source at the focal plane 54 or 54' of the camera 56. 
However, some of the reflected and scattered light will be 

25 captured by the entrance pupil 54 or aperture 56 of the 
camera 52 and used to image the indicia 3 0 on the object 
to be observed 32. 

Secondly, the semiconductor wafer may have one or 
more layers of a coating 17 overlying the indicia and a 

3 0 transition is formed between two adjacent coating layers 
or a coating layer and the top surface 4 of the 
semiconductor wafer 14. The transition creates a gradient 
or slope in the wafer surface which extends between the 
two coating layers or surfaces forming the transition. 

35 If light is supplied from a light source which extends 
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substantially perpendicular to the direction in which the 
gradient or slope extends, the supplied light is reflected 
directly back into the camera lens causing the transition 
to appear bright. Such supplied and reflected light can 
5 cause unwanted light to be reflected into the entrance 
pupil or aperture of the camera, from each gradient or 
slope, thereby affecting the imaging of the indicia 30 to 
be observed. A further detailed discussion concerning 
this effect will follow concerning the description with 

10 respect to Figs. 13-15. 

Now that a brief overview of the invention has been 
provided, a detailed description, concerning one 
embodiment of the inspection system, according to the 
present invention, will now be provided. As can be seen 

15 in Fig. 3, the inspection system 20, according to the 
present invention, comprises an exterior housing 22 which 
has four side walls 24 and a pair of opposed top and 
bottom walls 26, 27 which all define an enclosed cavity or 
area. The bottom wall 27 is provided with an aperture 28 

20 therein to facilitate viewing of desired indicia 30, or 
some other surface marking, provided in the object to be 
observed 32. 

A light source 34, for example a 3 by 3 array of 
light emitting diodes (LED) 66, is accommodated within the 

25 housing 22 adjacent one of the side walls 24. The light 
source 34 supplies light to at least one converging lens, 
and preferably a pair of adjacent lens 36, 38, capable of 
projecting an accurate image at the entrance pupil 
plane 54. It is to be appreciated that additional lens or 

30 other components may be utilized to improved the focused 
image of the supplied light at the entrance pupil 
plane 54. If a pair of lens 36, 38 are utilized, they are 
both plano-convex lens which are placed in an opposed 
relationship with respect to one another and arranged so 
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that any aberration(s) caused by the first lens 36 is 
essentially canceled by the second lens 3 8 so that clear 
accurately focussed light is supplied by the pair of 
lens 36, 38 to a first mirror 40, The first mirror 40 is 
5 arranged at a desired angle, e.g. a 4 5 degree angle with 
respect an optical axis 46 of the system, to reflect the 
focussed light at the object 32 to be observed. 

The light reflected by the first mirror 40 is 
supplied to a beam splitter 42 arranged at a desired 

10 angle, e.g. a 67.5 degree angle with respect the optical 
axis 46. A first reflective surface 43 of the beam 
splitter 42, facing the first mirror 40, allows a portion 
of the supplied light, e.g. approximately half of the 
supplied light, to pass directly through the beam 

15 splitter 42 and illuminate the indicia 3 0 on the object 32 
to be observed. A remaining portion of the supplied 
light, e.g. approximately half of the supplied light, is 
reflected by the first surface 4 3 of the beam splitter 42 
away from the object to be observed 32. 

2 0 The light passing through the beam splitter 42 

illuminates a portion of the object to be observed 32. 
The supplied light is reflected back by the indicia 30 and 
the highly specular surface of the object 3 2 toward the 
beam splitter 42. As previously mentioned, the unaltered 
25 mirror-like surface area of the wafer as well as the 
central area of the soft marks reflect the supplied light 
substantially back along its supplied path while the areas 
altered during formation of the soft mark, e.g. the raised 
perimeter edge, reflect the supplied light back along a 

3 0 plurality of different angles, e.g. scatter the supplied 

light. 

A second reflective surface 44 of the beam 
splitter 42, facing the object 32, allows a portion of the 
light reflected by the object 32, e.g. approximately half 
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of the reflected light, to pass directly through the beam 
splitter and be reflected by the first mirror 40 back 
toward the light source 34 while a desired portion of the 
light, e.g. approximately half of the reflected light, is 
5 reflected by the beam splitter 42 toward a second 
mirror 48. The second mirror 48 is arranged at a desired 
angle, e.g. an angle of approximately 22.5 degrees with 
respect to the optical axis 46, so that the second 
mirror 48 reflects the light toward an entrance pupil 50 

10 of a camera 52. The entrance pupil 50 or the camera 
aperture 56 may be located precisely at and coincident 
with a focal plane 54 or 54' of the illumination 
system 20. It is to be appreciated that the design shown 
in Fig. 3 incorporates two mirrors 40, 48 to facilitate a 

15 compact size of the inspection system. If the size of the 
inspection system is not critical, the mirrors may be 
eliminated so that the optical axis lies substantially 
perpendicular to the object to be observed 32 (Fig. 3 A) . 
However, depending upon the application, the location 

20 of focal plane 54 can vary but a reflected image must be 
focussed somewhere along the optical axis. The purpose of 
reflecting the light by the beam splitter 42 to the second 
mirror 48, instead of directly at the focal plane 54, is 
that the second mirror 48 flips the focussed image of the 

25 light source 34 so that it is focussed right side up, 
instead of up side down, at the focal plane 54 or 54 '. 
The optical axis 4 6 of the system is defined by the light 
supplied by the light source 3 4 through the pair of 
lens 36, 3 8 and reflected by the first mirror 4 0 through 

30 the beam splitter 4 2 to the object 32, and the light 
reflected by the object 32 to the beam splitter 42 
reflected toward the second mirror 48 and focussed at the 
entrance pupil plane 54. 
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By precise relative placement of the light source 34 , 
the focussing lens 36, 38, the beam splitter 42, the 
object 32, the first and second mirrors 40, 48 and the 
entrance pupil 50, an accurate and crisp image of the 
5 light source is focussed at the focal plane 54 located 
coincident with the entrance pupil 50, Alternatively, the 
spacing between those components can be such that an image 
of the light source is focussed at the focal plane 54' of 
the aperture 56 of the camera 52. Generally, the focussed 

10 image of the light source 34, at the focal plane 54 
or 54', will be magnified, e.g. by one and one-half to 
three times the light source's original size. 

The light which enters the entrance pupil 50 or 
aperture 56 is then focussed at the image plane 53 of the 

15 camera 52 (Fig. 3) . The sensed image is then used to 
control further processing of the wafer or other component 
being inspected or imaged. For example, the sensed image 
may be conveyed to a computing means or mechanism 58 where 
the sensed image is used in combination with a known 

20 algorithm to determine the precise content of the matrix 
code or other indicia 3 0 on the object to be observed 32. 
The computing means or mechanism 58 then sends an 
appropriate control signal to a conveyor means or 
mechanism 60 which controls further manipulation or 

25 processing of the wafer or other object 32 to be observed. 

As the present invention relates merely to a system 
for imaging indicia by a camera 52 or other observation 
device, and does not specifically relate to the computing 
means 58 and conveying means 60, a further detail 

3 0 discussion concerning those known features or components 
is not provided herein. 

It is to be appreciated that the computing means 58 
may be coupled to the power source and control 
mechanism 64, via an electrical line 59, to provide a 
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feedback for controlling which LED or combination of LEDs 
are to be simultaneously illuminated. Once the camera 52 
receives and supplies the sensed image to the computing 
means 58 , the computing means is then able to determine, 
5 via conventional technology, whether the sensed image of 
the camera is sufficiently illuminated. If the sensed 
image is not sufficiently illuminated and/or if errors are 
detected in the image, the computing means sends a signal 
back to the power source and control mechanism 64, along 

10 electrical line 59, so that a different LED or combination 
of LEDs is illuminated and the camera 52 then receives and 
supplies another sensed image to the computing means 58. 
This feedback procedure can continue until a sufficiently 
clear image is detected by the computing means 58. If 

15 desired, the computing means 58 can be automatically 
programmed to sequentially power each LED as well as each 
possible combination of LEDs to determine which 
arrangement provides the best illumination of the indicia 
or other object to be observed and thereby eliminate any 

20 detection error ( s) , e.g see Fig. 14 for example, which may 
be present in the sensed image. 

An important aspect of the present invention is that 
when the indicia comprise one or more soft marks, instead 
of hard marks, the light source is arranged so as not to 

25 supply any light along the optical axis but merely supply 
light which is slightly angled with respect to the optical 
axis 46, an angle less than about one degree. If the 
indicia comprises one or more hard marks in the surface, 
on the other hand, then light is supplied along the 

30 observation axis, i.e. on-axis, to accurately perceive the 
hard marks. The light supplied along the optical axis 4 6 
passes through the pair of lens 36, 38 and is reflected by 
first mirror 40 through beam splitter 42 and contacts a 
top surface of the object to be imaged. As the hard marks 
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have a much deeper depression or pit, any light contacting 
the pit is effectively absorbed therein so that virtually 
no light is reflected by the pit back along the optical 
axis 46 to the camera 52. Any supplied light which 
5 contacts the unaltered surface area of the wafer is 
reflected by the wafer back toward the beam splitter 42 
where it is reflected toward the second mirror 48 then 
reflected toward the camera 52 where it enters the 
entrance pupil 50 of the camera 52. The hard marks appear 

10 as dark areas while the unaltered mirror-like surface 
areas of the wafer appear bright. 

It is to be appreciated that the present invention 
can tolerate a certain amount of "noise" when sensing an 
image, but the visual "noise" from the area surrounding 

15 the marking indicia to be observed must be relatively 
small so as to avoid imaging and software interpreting 
errors. Due to the difference in reflection 

characteristics between the flat areas, which will 
accurately produce an image of the light source at the 

20 focal plane 54 or 54', and the non-flat areas, which will 
scatter the reflected light in a plurality of different 
directions thereby allowing some of the stray deviated and 
scattered light to be received by the entrance pupil 50 or 
aperture 56 and be sensed by the camera 52, an accurate 

25 image of the marks or other indicia provided in the 
surface can be obtained. Therefore, when imaging a soft 
mark, only stray and deviated light from the surface to be 
observed 32 enters the entrance pupil 50 of the camera 52 
and is sensed by the camera 52 while all of the remaining 

30 surrounding area of the object to be observed 32 reflects 
the supplied light such that it does not enter the 
camera 52. Thus those areas are perceived by the camera 
as being dark. 
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Each of the nine LEDs 66, comprising the light 
source 34 , are individually controlled by a power source 
and control mechanism 64 so that each one of the LEDs 66 
can be individually turned on and off, as desired, by the 
5 nine (9) separate switches 65 each electrically coupled to 
only one of the nine LEDs 66. A central LED is located on 
and is coincident with the optical axis 46 of the 
inspection system 20. This single centrally located 
LED is very useful in supplying light on-axis to 

10 facilitate illumination of hard marks. 

A simplified form of the inspection system 20, 
according to the present invention, is shown in Fig. 3A. 
As shown in this Figure, the inspection system 2 0 
comprises an exterior housing 22 which has four side 

15 walls 24 and a pair of opposed top and bottom walls 26, 27 
which all define an enclosed cavity or area. The bottom 
wall 27 is provided with an aperture 28 therein to 
facilitate viewing of desired indicia 30, or some other 
surface marking, provided in the object to be observed 32. 

20 A light source 34, e.g. a plurality of LEDs 66, is 

accommodated within the cavity of the housing 22 adjacent 
one of the walls, e.g. top wall 26. The light source 34 
supplies light to a projection lens or lens 36, 3 8 capable 
of projecting an accurate image at the focal plane 54 

25 or 54'. The projection lens 36, 38 supply clear and 
accurately focussed light to a beam splitter 42 arranged 
at a desired angle, e.g. a 4 5 degree angle with respect 
the optical axis 46. A first reflective surface 43 of the 
beam splitter 42, facing the projection lens 36, 38, 

30 allows a portion of the supplied light, e.g. approximately 
half of the supplied light, to pass directly through the 
beam splitter 42 and illuminate the indicia 3 0 on the 
object 32 to be observed. A remaining portion of the 
supplied light, e.g. approximately half of the supplied 
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light, is reflected by the first surface 43 of the beam 
splitter 42 away from the object to be observed 32. 

The light passing through the beam splitter 42 
illuminates a desired portion of the object to be 
observed 32. The supplied light is reflected back by the 
indicia 3 0 and the highly specular surface of the 
object 32 toward the beam splitter 42. A second 
reflective surface 44 of the beam splitter 42, facing the 
object 32, allows a portion of the light reflected by the 
object 32, e.g. approximately half of the reflected light, 
to pass directly through the beam splitter and be supplied 
toward the projection lens 36, 38 while a desired portion 
of the light, e.g. approximately half of the reflected 
light, is reflected by the beam splitter 4 2 toward an 
entrance pupil 50 or a camera aperture 56 of a camera 52. 
As with the previous embodiment, the entrance pupil 50 or 
the camera aperture 56 may be located precisely at and 
coincident with a focal plane 54 or 54' of the 
illumination system 20. As no mirror is located along the 
optical path between the beam splitter 42 and the focal 
plane 54 or 54', the focussed image of the light source 34 
is up side down, rather than right side up, at the focal 
plane 54 or 54' . 

The optical axis 4 6 of the system is defined by the 
light supplied by the light source 34 through the 
lens 36, 38 and the beam splitter 42 to the object 32, and 
the light reflected by the object 32 to the beam 
splitter 42 and reflected and focussed at the focal 
plane 54 or 54'. As with the previous embodiment, the 
light which enters the entrance pupil 50 or camera 
aperture 56 is then focussed at the image plane 53 of the 
camera 52 and used to control further processing of the 
wafer or other component being inspected or imaged. 
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As can be seen in Figs. 4A-4C, the array of LEDs 62 
can be divided into a plurality of different sections. In 
each of these Figures, there are nine (9) LEDs 66 arranged 
in the array and each LED comprises a separate section , 
5 i.e. there are nine (9) separate sections. When all of 
the LEDs 66, except for the centrally located LED 66C, are 
illuminated, the image of the light array, focussed at 
focal plane 54 or 54' of the camera is shown in Fig. 5A, 
with the entrance pupil or aperture being designated by 

10 circular element 50. As can be seen in this Figure, the 
reflected image of the light source 34 is greater in size 
than the original light source 34. This illumination 
combination has limited utility in that the two centrally 
located LEDs 66, which are illuminated and located along 

15 the sagittal plane 100, have a tendency to supply light 
which is reflected off any gradient or slope and received 
by the entrance pupil or aperture of the camera thereby 
leading to false readings. The sagittal plane 100, in 
this embodiment, is coincident with the optical axis 46 

20 and extends perpendicular to the both top and bottom 
walls 26, 27 of the housing. 

Fig. 4B shows a second illumination arrangement of 
the light source 34, in the case of highly specular soft 
mark indicia, in which the six (6) outer LEDs 66 are 

25 illuminated while the three (3) centrally located 
LEDs 66, 66C are not powered, i.e. no light is provided by 
any one of the three LEDs 66, 66C which are located along 
the sagittal plane 100. The reflected image of this 
embodiment of the light source 34 can be seen in Fig. 5B. 

30 This arrangement has proven useful in imaging soft marks 
formed in the top surface of a wafer but, depending upon 
the sensitivity of the algorithm and the inspection 
equipment, this illumination combination may provide false 
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readings as each soft mark may appear as a pair of soft 
marks, instead of a single mark. 

Fig. 4C shows an illumination arrangement of the 
light source 34 , for illumination of highly specular soft 
5 mark indicia, in which only one (1) of the nine (9) 
LEDs 66, e.g. the LED located in the left hand corner of 
the array, is illuminated to supply light to the 
lens 36, 38. The reflected image of the illumination 
source 34 of Fig. 4C is shown in Fig. 5C. This 

10 illumination arrangement is useful in accurately imaging 
soft marks on finished wafers. The inventors believe that 
the light source, for imaging soft marks, should be 
concentrated in a single area or section which is supplied 
off-axis and preferable in a U-shaped arrangement like the 

15 lighting arrangement of Fig. 12. It is desirable to 
supply light only from one or a few of the separate 
sections to the object to be observed 3 2 so that the light 
reflected by each soft mark indicia 3 0 is accurately 
perceived by the camera 52 as being only a single soft 

20 mark, not a plurality of marks. 

The illumination embodiment shown in Figs. 4A and 4B 
are symmetrical with respect to the optical axis 46 and 
the arrangement of Fig. 4A provides light along the 
sagittal plane 100. Such a lighting arrangement has a 

25 tendency to reflect light off each surface which lies or 
extends normal to the sagittal plane 100. The light 
reflected off the gradient or slope is received by the 
entrance pupil 50 of the camera and affects the image of 
the marks to be perceived. The illumination arrangement 

30 shown in Fig. 4C is asymmetrical and the asymmetrical 
lighting arrangement has a tendency to eliminate unwanted 
light reflected off the surface of the gradient or slope 
from interfering with imaging of the indicia contained on 
the surface. 
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Turning now to Fig. 6, a second embodiment of an 
array 62 of LEDs 66 for use in the present invention, is 
diagrammatically shown. As can be seen in this Figure, 
the array comprises a light source comprising 5 LEDs by 
5 5 LEDs 66 , for example, which are each individually 
controlled by a power and control mechanism 64 so that 
each one of the LEDs 66 can be individually turned on and 
off as desired. The central LED 66C is located on and is 
coincident with the optical axis 46 of the inspection 

10 system 20. This single centrally located LED 66C is very 
useful in supplying light on-axis to facilitate 
illumination of hard marks. 

The pitch of the light source array, i.e. the spacing 
of the LEDs 66 from one another, is selected to be as 

15 small as possible, e.g. a spacing of the center of one LED 
to the center of an adjacent LED is on the order of a 
quarter of an inch to a twentieth of an inch or so. When 
the LEDs are placed close to one another, they facilitate 
a brighter and more uniform reflected image of the light 

20 source at the focal plane 54 or 54' of the camera 56 and 
this assists with more accurate imaging of the indicia. 
The light source 34 typically has an active area size of 
about 1 inch by 1 inch and more preferably about one-half 
inch by one-half inch. 

25 It is to be appreciated that the light source 34, 

according to the present invention, can vary depending 
upon the illumination requirements for the particular 
application. An important feature of the present 
invention is that the light source be variable so that 

30 different brightness, uniformity, resolution and 
appearance of the light source can be utilized to maximize 
viewing of the desired features or areas of the object to 
be observed. 
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If a simple LED array is used for illumination, the 
focussing behavior of the rounded ends of the LEDs 66 may 
interact with the light source projection lens to create 
undesirable non-uniformities in appearance from one LED 66 
5 to another LED 66 located in the array. This undesirable 
optical behavior can be lessened by placing a diffuser 70 
in front of the LED array, i.e. between the LEDs 66 and 
the light source projection lens, to eliminate the 
focussing behavior of each individual LED 66 and make the 

10 light field created by each LED 66 appear substantially 
identical to that of all other LEDs 66 contained in the 
array (see Fig. 8) . 

In addition, because of the LEDs ' close proximity to 
one another, the LEDs 66 in the array will suffer from 

15 undesirable optical "cross-talk" where light scattered 
from a single LED 66 will be reflected off an adjacent or 
adjacent LEDs 66, thereby creating a poorly defined halo 
of scattered light around a central bright spot whose 
appearance is highly sensitive to slight variations in the 

20 orientation of the LEDs 66. This scattering of light, by 
adjacent LEDs 66, makes it difficult to create a 
well-defined pattern of illumination because any 
illumination pattern must be created in the form of a 
discontinuous pattern of poorly defined "spots" of light 

25 emanating from a front surface 72 of the diffuser 70, as 
can be seen in Fig. 8. 

One way of minimizing the "cross-talk" between 
adjacent LEDs 66 is to separate the LEDs 66 from one 
another by a plurality of longitudinally extending opaque 

30 partition members 74 and plurality of transversely 
extending opaque partition members 7 6 which together 
define a plurality of separate opaque cubicles 78 which 
each contain a LED 66. A rear surface 80 of the diffuser 
abuts against a perimeter edge of the cubicles 78. As the 
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cubicles 78 are opaque, each cubicle prevents optical 
"cross-talk" between the LED 66 and any adjacent 
cubicle 78, As a result of this, the light field 
emanating from each LED and appearing on a front 
5 surface 72 of the diffuser 70 is homogenized. Thus, when 
a pattern of LEDs 66 is illuminated by the light source 34 
of Fig. 9, the resulting pattern of light on the front 
surface 72 of the diffuser 70, facing the projection lens, 
is composed of a contiguous uniform area with sharply 

10 defined boundaries between the illuminated area and the 
non-illuminated area. 

As can be seen in Fig. 10, only four of the centrally 
located LEDs 66 are illuminated and the resulting pattern 
of illumination is substantially continuous and 

15 rectangular in shape. Depending upon the size and the 
density of the LEDs 66 making up the light source 34, i.e. 
the spacing of the LEDs 66 from one another, a crisply 
defined illumination pattern of arbitrary resolution may 
be created. 

20 An alternate way of eliminating the focusing by the 

individually lens of the LEDs is to use LEDs with flat top 
lenses (no optical power) or to use specially packaged 
lens LED chips that are optimized for surface mounting 
directly to a printed circuit board. If LED chips are 

25 utilized, an intermediate focusing lens could be used to 
focus the light generated by each LED chip at the 
projection lens so as to supply virtually all of the light 
of the LED chip to the projection lens. 

It is to be appreciated that the brightness and 

30 resolution of the light or illumination patterns created 
with the LEDs 66 is limited by the inherent size and 
electro-optical properties of the LEDs 66. A light source 
pattern of greater brightness and finer resolution may be 
achieved by a programmable liquid crystal light valve used 
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in conjunction with a high density diffused back light. 
This configuration is typically known as an LCD display 
such as that used in a conventional pocket calculator or 
computer projection screen. 
5 Fig. 11 shows an example of a programmable LCD light 

valve in which a light source 84 provides light to a rear 
surface 86 of a diffuser 88. The diffused light emanates 
from the second opposed front surface 90 of the diffuser 
88 and is projected at a rear surface of the programmable 

10 LCD light valve 92. The programmable LCD light valve 92 
is electrically coupled, via electrical cable 94, to a 
light source controller 96. The function of the light 
source controller 96 is to communicate with the LCD light 
valve 92, via the electrical cable 94, to allow a desired 

15 portion of the supplied diffuse light to pass therethrough 
and be supplied by a first surface 95 of the programmable 
LCD light valve 92 to the projection lens. As the 
features of the programmable LCD light valve 9 2 and light 
source controller 96 are well known to those skilled in 

20 this art, a further detailed description concerning the 
same is not provided herein. 

Turning now to Figs. 13-15, a detailed description 
concerning the supply of illumination light to the indicia 
to prevent the gradient or slope from effecting the 

25 perceived image will now be provided. As can be seen in 
Fig. 13, a diagrammatic representation of the wafer 14 is 
shown and it has one layer of coating layer 17 deposited 
on a top surface thereof. The coating layer 17 is greatly 
exaggerated, in Fig. 13, so that the surface gradient or 

30 slope 98 of the transition is readily apparent. 

The light is supplied from the light source 34 
through the lens 36, 38 and reflected off the first 
mirror 40 through the beam splitter 42 to the indicia 30 
on the wafer 14 (Fig. 3). The pattern of illumination of 
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the light source 34 is selected such that no light is 
supplied along the sagittal plane 100 extending along the 
optical axis 46 and parallel to and/or coincident with the 
gradient or slope overlying the indicia 30. The light 
5 source is properly selected so that no light is provided 
along the sagittal plane and preferably the light is 
selected so as to be an asymmetrical light source with the 
indicia located within the f ield-of-view of the camera. 
By this arrangement, the indicia 3 0 can be readily imaged 

10 without any interference from the gradient or slope 98 
overlying the indicia 30. However, if the wafer 14 is 
turned 90° , relative to the sagittal plane 100, so 
that the gradient or slope 98 lies essentially 
perpendicular to the sagittal plane 100, light is 

15 reflected by the gradient or slope 98 and received by 
the light receiving input, e.g. the entrance pupil 50 or 
aperture 56 of the camera 52, and perceived within the 
camera's f ield-of-view. An image of indicia 30 containing 
a gradient or slope 98 is shown in Fig. 14 and the 

20 gradient or slope 98 renders it very difficult to read a 
portion of the indicia 30 on the wafer 14. If the 
gradient or slope lies or extends parallel to and/or 
coincident with the sagittal plane 100, the image of the 
gradient or slope 98 is not perceived by the camera 52 and 

25 it is very easy to accurately image the indicia 30, as can 
be seen in Fig. 15. 

The inventors have found a U-shaped illumination 
arrangement of the illumination elements, as shown in 
Fig. 12, is very useful in substantially filling the 

30 entire area of each depression to be perceived, in a 
surface, with sufficient light to facilitate observation 
of the depression by the imaging device while, at the same 
time, minimizing any undesired reflection of the supplied 
light off any linear sloped artifact running through the 
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mark. That is, the illumination element or elements which 
would supply and reflect light off the gradient or slope 
and be perceived by the camera are not illuminated while 
the remaining peripheral illumination elements are 
5 illuminated to form the substantially U-shaped 
illumination arrangement. 

The inventors have determined that the previously 
discussed embodiments have a tendency to illuminate 
different portions of the wafer at different incident 

10 angles, i.e. the angle the light ray forms with a line 
extending normal to the surface of wafer 132, due to the 
focusing feature of those embodiments. In particular, as 
can be seen in Fig. 16 which highlights this feature, the 
light supplied by the light source 13 4 enters a rear 

15 surface of the projection lens 13 6 and is focused toward 
and supplied to a rear surface of the beam splitter 142. 
The beam splitter is aligned at a desired angle with 
respect to the optical axis, e.g. an angle of 
approximately 45°. A portion of the focused light enters 

20 and passes directly through the beam splitter 142 and 
illuminates an adjacent facing surface of the wafer 132 
while a remaining portion of the focused light is 
reflected by the beam splitter 142 away from the optical 
axis 14 6 and is absorbed by an out of camera focus 

25 absorber 139. 

Due to the positioning of the individual illumination 
elements, e.g. the nine LEDs comprising the light 
source 134 only three of which are diagrammatically shown 
in this Figure, with respect to the projection lens 136 

30 and the optical axis 146, the light rays supplied from a 
top portion of the projection lens 136, when a top, 
central illumination element is illuminated, for example, 
have a greater incident angle a a , as can be seen in 
Fig. 16, then the light rays supplied by a bottom portion 
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of the projection lens 136 which have a much shallower 
incident angle a c . In addition, the light rays supplied 
by an intermediate region of the projection lens 13 6 have 
an incident angle a b which is less than the incident 
5 angle a a but greater than incident angle a c . 

If a bottom, central illumination element is 
illuminated, a substantially opposite effect occurs, i.e. 
the light rays supplied from a top portion of the 
projection lens 136 have a smaller incident angle then the 

10 light rays supplied by a bottom portion of the projection 
lens 13 6 which have a greater incident angle. In 
addition, the light rays supplied by an intermediate 
region of the projection lens 136 have an incident 
angle which is less than incident angle of the light rays 

15 supplied by a bottom portion of the projection lens 136 
but greater than the incident angle of the light rays 
supplied by a top portion of the projection lens 136. A 
similar effect occurs for each illumination element of the 
light source, including the illumination element located 

20 along the optical axis. In Fig. 16, the optical path of 
the light supplied from the light source 134 to the focal 
point S 1 along the focal plane 154 is also shown in an 
unfolded state at the focal plane 154'. 

Turning now to Fig. 17A, an embodiment of the present 

25 invention is shown which is directed at overcoming the 
above discussed drawback of having different incident 
angles of the supplied light rays from the surface of the 
wafer 132. According to this embodiment, the path of the 
supplied light is altered by the projection lens such that 

30 each ray of supplied light is collimated (from a 
particular light source such as light source 134) and 
supplied substantially parallel to one another. Due the 
collimated and parallel supply of light rays, all of the 
reflected light rays have has a substantially identical 
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incident angle a L with the surface of the wafer 132. A 
further detail discussion of this embodiment and benefit 
concerning the same will now be provided. 

As can be seen in this Fig. 17A, the spacing of the 
5 light source 134 with respect to the projection lens 136 
is significantly decreased, in comparison to the spacing 
of the previous embodiments which spacing is 
diagrammatically shown in broken lines, so that the light 
source 134 is only spaced distance F, i.e. the focal 

10 distance of the lens, from the projection lens 13 6. The 
decrease in distance allows construction of a more compact 
illuminator. Such positioning of the light source 134 
with respect to the projection lens 136 causes all of the 
light passing through and projected by the projection 

15 lens 136 to be collimated, i.e. each light ray will be 
supplied essentially parallel to one another. A portion 
of the supplied light rays are reflected by the first 
surface of the beam splitter 142 away from the optical 
axis 146 and this light is absorbed by an out of camera 

20 focus absorber 139. The remaining portion of the supplied 
light rays pass through the beam splitter 142 and are 
supplied, along the optical axis 146, toward the 
wafer 132. The beam splitter is aligned at a desired 
angle with respect to the optical axis, e.g. an angle of 

25 approximately 45°. Due to this alteration of the 
illumination arrangement, a more uniform illumination of 
the desired surface area of the wafer 132 is achieved so 
that substantially each ray of light illuminating the 
surface of the wafer 132 (from light source 134) will have 

30 a substantially identical incident angle a L . 

Due to the decrease in the relative spacing of the 
light source 134 from the projection lens 136, the light 
rays supplied from a top portion of the projection 
lens 13 6 have an incident angle a L with the surface of the 
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wafer 132, as can be seen more clearly in Fig. 17B, which 
is the same incident angle as the light rays supplied by 
a bottom portion of the projection lens 13 6 which also 
have an incident angle a i with the surface of the 
5 wafer 132. Further, the light rays supplied by an 
intermediate region of the projection lens 136 similarly 
have the same incident angle a i . 

The collimation of the light supplied by each light 
source facilitates a uniform illumination across the 

10 entire desired surface or area of the wafer 132 to be 
illuminated. Accordingly, each and every point on the 
surface of wafer 13 2 is uniformly illuminated and such 
illumination facilitates a more accurate viewing of the 
surface of the wafer 132. 

15 The supplied light rays are reflected back by the 

surface, along the optical axis 14 6, toward the second 
surface of the beam splitter 142. A first portion of the 
supplied light rays is allowed to enter and pass through 
the first and second surfaces of the beam splitter 142 

20 while the remaining second portion of the reflected light 
rays is reflected downwardly, by the second surface, along 
the optical axis 146 toward an entrance pupil 150, or the 
camera aperture, of a camera 152. A field lens 204 is 
provided between the beam splitter 14 2 and the entrance 

25 pupil 150, or the camera aperture, of the camera 152. The 
field lens 2 04 receives the reflected collimated light 
rays and, in turn, focuses the collimated light rays at a 
location along the entrance pupil or lens aperture 
plane 154 of the illumination system 120, i.e. at a 

30 location S 2 spaced from the entrance pupil 150, or 
aperture, of the camera 152. 

The net effect of this arrangement is that: 1) all 
of the light rays, originating from any given point on the 
light source, are projected by the projection lens 13 6 



WO 98/52088 PCT/US98/09738 

-35- 

through the beam splitter 14 2 toward the surface of the 
wafer 132, 2) all of the light rays reflected by the 
wafer 132 toward the beam splitter 142, and 3) all of the 
light rays reflected along the optical axis 146 toward the 
5 field lens 204 are substantially collimated and parallel 
through the inspection zone. The collimated light rays 
provide a more uniform illumination of the surface of the 
wafer 132 to be observed. Thus, for any given pattern of 
illumination at the light source, every point on the 

10 inspection surface will be subjected to an identical 
pattern of incident illumination. 

As with the previous embodiments, the illumination 
system 120, e.g. focusing by the field lens 204, causes an 
image of the light source 13 4 to be focused at or near the 

15 plane 154 of the entrance pupil or the plane of the 
aperture of inspection device 120, but off to a side and 
spaced from the optical axis 14 6, such that light rays 
from the light source which reflect off the flat surface 
of the wafer 132 being inspected are unable to enter the 

20 camera lens but create an accurate, reflected image of the 
light source 134 at location S 2 along the focal plane 154. 

It is to be appreciated that by locating the field 
lens 2 04 between the beam splitter 14 2 and the entrance 
pupil 150, or the camera aperture, of the camera 152, the 

25 camera 152 perceives the wafer 132, when viewing through 
the field lens 204, as being magnified. Depending upon 
the location and focal length of the field lens 204, 
relative to the beam splitter 142 and the entrance 
pupil 150, or aperture, of the camera 152, the 

30 magnification of the wafer 132, as perceived by the 
camera 152, can vary. Typically, the viewing area of the 
wafer 132 is magnified from slightly over 1 to about 1 1/2 
times its normal size when viewed by the camera 152 along 
the optical axis 14 6. By this lens arrangement, the 
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camera 152 perceives the wafer 132 as being larger in size 
and spaced further away from the camera 152 then is 
actually the case. This magnification effect is 
diagrammatically shown in Fig, 17A by the broken line 
5 depicting the wafer 132' above the beam splitter 142 but 
below the out of camera focus absorber 139. For the sake 
of clarity, the portion of the optical axis 146, between 
the entrance pupil 150 and the wafer 132, is unfolded in 
Fig. 17A and shown extending from the bottom of the 

10 drawing toward the top of the drawing so that it extends 
linearly as optical axis 146'. 

Turning now to Fig. 18, a comparison of the light 
illumination path of the embodiment of Fig. 3, for 
example, with respect to the light illumination path of 

15 the embodiment of Fig. 17A, will now be briefly discussed. 
For the sake of clarity, the optical axes for each of the 
two light sources is shown in an unfolded state, i.e. the 
optical axis is shown in a linear manner, with only a few 
of necessary elements being shown by dashed lines in that 

20 Figure. Please note that, for reasons of clarity, the 
illumination path of only one of the plurality of 
illumination elements for each embodiment is depicted but 
each of the other illumination elements will have similar 
supply and reflection characteristics. 

25 According to the first embodiment of the invention 

(i.e. the embodiment of Fig. 3), the light source 34 (is 
shown as broken lines) illuminates a rear surface of the 
lens 36, or pair of lenses which, in turns, focuses the 
light at focal point S x located along the focal plane 54 

30 with the supplied light passing through a first surface of 
the beam splitter 42. In the third embodiment of the 
invention (i.e. the embodiment of Fig. 17A) , the light 
source 134 (shown as solid lines) is located closer to the 
projection lens 136, i.e. at the focal length of the lens. 
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The supplied light, received by a rear surface of the 
projection 136 , is collimated and supplied as light rays 
which are substantially parallel to one another. The 
collimated parallel light pass through a first surface of 
5 the beam splitter 142 and are supplied toward the 
wafer 132 while a remaining portion of the focused light 
rays are reflected by the beam splitter 142 away from the 
optical axis 146 and are absorbed by an out of camera 
focus absorber 139. The supplied light rays then reflect 

10 off the wafer and beam splitter surfaces and enter a rear 
surface of the field lens 204. The collimated and 
parallel light rays then are focused, by the field 
lens 204', at focal point S 2 ' lying along the focal 
plane 154' of the illumination system 12 0. 

15 As shown in Fig. 18, the location of the entrance 

pupil 150' of the camera, as viewed from the light source 
134, is shown in its completely unfolded position by 
broken lines 150'. In addition, an unfolded focused image 
S 2 ' of the light source 134 is also shown in dashed lines. 

20 The location of the entrance pupil 50' of the camera, as 
viewed from the light source 34, is also shown in its 
completely unfolded position by broken lines 50'. In 
addition, an unfolded focused image S 1 ' of the light 
source 34 is also shown in dashed lines. 

25 As can be seen in Fig. 18, because the light 

source 134 is focussed at infinity (collimated) , the 
output light beam has the same diameter as the diameter of 
the lens 136 and barely misses the unfolded entrance 
pupil 50' of the camera 52. If the light source 34, the 

30 projection lens 36, 38, the beam splitter 42, and the 
wafer 32 are not properly aligned with one another, some 
unwanted or stray light may be inadvertently reflected 
into the entrance pupil 50, or the camera aperture 56, of 
the camera 52. This is a tolerance and/or illumination 
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adjustment/ alignment problem which the embodiment of 
Fig, 17A seeks to avoid. The embodiment of Fig. 17A, 
which uses field lens 204, minimizes the associated 
drawback of precise arrangement and/or alignment of the 
5 components to ensure that no unwanted light is reflected 
into the entrance pupil 150, or the camera aperture, of 
the camera. The field lens 204 does this by focusing the 
source image back to a point at S 1 / . Returning the source 
image as a point has the additional benefit of allowing 

10 use of a significantly larger camera aperture while 
maintaining adequate separation (for dark field 
illumination) between the source image and the aperture or 
entrance pupil. 

Turning now to Fig. 19, a fourth embodiment of the 

15 present invention will now be described. This embodiment 
is similar to and performs substantially identically to 
the embodiment of Fig. 17A except that the collimating and 
focusing functions of the projection lens 13 6 and the 
field lens 204, respectively, are combined in a single 

20 projection/ field combined lens 2 06. The arrangement of 
Fig. 19 still provides substantially the same optical 
effect as the embodiment of Fig. 17A but with less 
required elements. 

As can be seen in this Fig. 19, the light source 134 

25 supplies light rays toward a rear first surface of a beam 
splitter 142. The beam splitter is aligned at a desired 
angle with respect to the optical axis, e.g. an angle of 
approximately 45°. Approximately, one half of the 
supplied light rays from the light source 134 are allowed 

30 to enter and pass through the beam splitter 142 while the 
remaining portion of the light rays are reflected away 
from the optical axis 14 6 and are absorbed by an out of 
camera focus absorber 139. The light rays passing through 
the beam splitter 14 2 then enter a rear surface of the 
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combined lens 206. The light rays are altered by the 
combined lens 206 such that the light rays projected by an 
opposed second surface of the combined lens 2 06 are 
collimated and supplied parallel to one another at a 
5 desired area or surface of the wafer 13 2. 

Substantially all of the supplied light rays, from 
the combined lens 206 , which illuminate the surface of the 
wafer 132 are reflected back by the surface of the wafer 
132 at substantial an identical reflection angle a r . The 

10 reflected light rays then enter the opposed second surface 
of the combined lens 206 and are projected by the first 
surface of the combined lens 206. The reflected light is 
then focused by the combined lens 2 06 toward the second 
surface of the beam splitter 142. A portion of the 

15 focused light rays, from the combined lens 206, enters and 
is allowed to pass through the beam splitter 14 2 while the 
remaining portion of the focused light rays is reflected 
by the second surface of the beam splitter 142 along the 
optical axis 146, toward the focal plane 154, and is 

20 focussed at point S 2 spaced from the entrance pupil 150, 
or camera aperture, of the camera 152, The net effect of 
this arrangement is that: 1) all of the light rays 
projected by the projection lens 13 6 toward the surface of 
the wafer 132, and 2) all of the light rays reflected by 

25 the wafer 132 toward the projection lens 136 are 
substantially collimated and parallel light rays. 

It is to be appreciated that the combined lens 2 06 
must have a substantially perfect anti-reflective coating, 
on both opposed surfaces thereof, in order for the 

3 0 embodiment of Fig. 19 to be practical. The reason for the 
anti-reflective coatings is that the camera 152 can 
readily view the combined lens 206 if that lens is not 
provided with a perfect, or near perfect, anti-reflective 
coating. 
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It is to be appreciated that when the system is 
imaging an alphanumeric character (Fig. 1A) , a small 
scratch 111 is less critical because the scratch is 
relatively small in comparison to the entire alphanumeric 
5 character and thus the character has a very high signal to 
noise ratio. When imaging soft marks which are on the 
order of 75 pm in size, the signal to noise ratio is 
reduced and thus a small scratch can effect accurate 
imaging by the system. 

10 Another important aspect of the present invention is 

that the camera 52 can be provided with a zoom lens (e.g. 
at least a 6:1 zoom) so that the f ield-of-view of the 
camera 52 can be altered as desired over a wide range. 
In particular, it is desirable to have a camera 

15 f ield-of-view at least capable of viewing an area 
about 4.5 millimeters in height by about 6 millimeters in 
width, a second area about 17 millimeters in height by 
about 23 millimeters in width, and a third area 
about 32 millimeters in height by about 42 millimeters in 

20 width. This zoom feature minimizes the need for human 
interference in the set up process, i.e. selecting and 
installing different lens for different size marking 
indicia which are being standardized by the semiconductor 
manufacturing industry. The industry dictates essentially 

25 the size of the marks, the code terminology and the 
location of the matrix code on the surface. 
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Wherefore, I claim: 

1. An imaging system for imaging a desired surface 
of an object to be observed, said imaging system 
comprising: 

a light source for supplying light to an object 
5 to be observed containing at least one marking; 

first lens for focussing the light to be 
supplied, by said light source, toward the object to be 
observed; 

a beam splitter being located between said lens 
10 and the object to be observed for allowing a portion of 
said focussed light to pass therethrough and be supplied 
to the object to be observed and to receive light 
reflected by the object to be observed and reflect a 
portion of the reflected light toward an imaging device; 
15 a focal plane for focussing a reflected image of 

the light reflected by the object to be observed and said 
beam splitter; and 

said imaging device having a light receiving 
input, located adjacent said focal plane, for receiving 
20 only a portion of the light reflected by the object to be 
imaged while a remaining portion of the light focussing a 
reflected image of said light source at said focal plane, 

2. An imaging system according to claim 1, wherein 
a second lens is located adjacent said first lens, and 

25 said first and second lens are arranged in an opposed 
relationship with respect to one another to facilitate 
focussing of an accurate image of said light source at 
said focal plane. 

3. An imaging system according to claim 1, wherein 
30 said light source, said first lens, said beam splitter, 

the object to be observed and said imaging device define 
an optical axis of said imaging system; and 
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said light source is capable of supplying light 
along both said optical axis and at an angle with respect 
to said optical axis. 

4. An imaging system according to claim 1, wherein 
5 said light receiving input of said imaging device is one 

of an entrance pupil and an aperture of said imaging 
device. 

5. An imaging system according to claim 1, wherein 
said imaging device includes a mechanism for adjusting the 

10 f ield-of-view of said imaging device to facilitate the 
imaging of different sized markings. 

6. An imaging system according to claim 1, wherein 
at least one mirror is located along the optical path of 
said imaging system for reflecting light toward said focal 

15 plane to facilitate a compact size of said imaging system. 

7. An imaging system according to claim 1, wherein 
said imaging system includes at a pair of lens located in 
an opposed relationship for focussing the light supplied 
by said light source; 

20 a first mirror for reflecting the focussed light 

from said pair of lens toward said beam splitter; 

a second mirror for reflecting the focussed 
light, received from said beam splitter, at said focal 
plane; and 

25 a housing for accommodating said light source, 

said pair of lens, said first mirror, said second mirror, 
said beam splitter and at least a portion of said light 
receiving input of said imaging device, and said housing 
has at least one aperture therein located along the 

30 optical axis for facilitating illumination of the object 
to be observed, by said imaging system, and preventing 
illumination interference from the surrounding 
environment* 
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8. An imaging system according to claim 3, wherein 
said light source is electrically coupled to a control 
mechanism for individually controlling each individual 
illumination element forming said light source, whereby 

5 each individual illumination element may be individual 
turned on and off, as desired, to facilitate supplying 
light both along the optical axis and at an angle with 
respect to said optical axis. 

9. An imaging system according to claim 7, wherein 
10 said light source defines a sagittal plane which extends 

parallel to a longitudinal axis of said imaging system and 
any gradient, contained on said object to be imaged, is 
position, during use of said imaging system, so as to 
extend in a direction extending parallel to said sagittal 

15 plane to minimize imaging interference therefrom. 

10. An imaging system according to claim 1, further 
comprising a computing mechanism which is electrically 
coupled to said imaging device, and a conveying mechanism 
which is electrically coupled to said computing mechanism, 

20 and said imaging device supplies a sensed image, of the 
object to be imaged, to said computing mechanism which 
determines a mark carried by said object to be observed 
and outputs a signal to said conveying mechanism to 
control further manipulation of said object to be observed 

25 in view of the determined mark. 

11. An imaging system for imaging a desired surface 
of an object to be observed, said imaging system 
comprising: 

a light source for supplying light to an object 
3 0 to be observed; 

a beam splitter, for receiving light from said 
light source and allowing a portion of said light to pass 
therethrough and be supplied to the object to be observed 
and for receiving light reflected by the object to be 
35 observed and reflecting a portion of the reflected light 
toward an imaging device; 
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a focal plane for focussing a reflected image of 
the light reflected by the object to be observed and said 
beam splitter; 

a first lens for focussing a reflected image of 
5 said light source at the focal plane; and 

said imaging device having a light receiving 
input, located adjacent said focal plane, for receiving 
only a portion of the light reflected by the object to be 
imaged while a remaining portion of the reflected image of 
10 said light source is focussed at said focal plane. 

12. An imaging system according to claim ll, wherein 
said first lens is located between said light source and 
said beam splitter to collimated the light supplied to 
said beam splitter from said light source; and 

15 a second lens is located between said beam 

splitter and said imagining device to focus the collimated 
light at said focal plane. 

13. An imaging system according to claim 11, wherein 
said first lens is located between said beam splitter and 

20 said object to be observed, and said first lens projects, 
the supplied light received from said beam splitter, as a 
collimated source of light toward said object to be 
observed, and said first lens also focuses the collimated 
light reflected by and received from said object to be 

25 observed at the focal plane of said imaging system. 

14. An imaging system according to claim 11, wherein 
said light source, said first lens, said beam splitter, 
the object to be observed and said imaging device define 
an optical axis of said imaging system; and 

30 said light source is capable of supplying light 

along both said optical axis and at an angle with respect 
to said optical axis. 

15. An imaging system according to claim 11, wherein 
said light source comprises an array, and, a portion of 

35 said light source array, which is in the shape of a 
U-shaped illumination arrangement which minimizes any 
undesired reflection of the supplied light off any linear 
sloped artifact running through said object to be 
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observed, is illuminated to supply light from said 
U-shaped illumination arrangement to said object to be 
observed and said light receiving input of said imaging 
device is one of an entrance pupil and an aperture of said 
5 imaging device* 

16. An imaging system according to claim 11, wherein 
said imaging device includes a mechanism for adjusting the 
f ield-of-view of said imaging device to facilitate the 
imaging of different sized objects to be observed. 

10 17. An imaging system according to claim 11, wherein 

a housing accommodates said light source, said first lens, 
said beam splitter and at least a portion of said light 
receiving input of said imaging device, and said housing 
has at least one aperture therein, located along the 

15 optical axis, for facilitating illumination of the object 
to be observed, by said imaging system, and preventing 
illumination interference from the surrounding 
environment . 

18. An imaging system according to claim 11, wherein 
20 said light source is electrically coupled to a control 

mechanism for individually controlling each individual 
illumination element comprising said light source so that 
each individual illumination element may be individual 
turned on and off, as desired, to facilitate supplying 
25 light both along the optical axis and at an angle with 
respect to said optical axis. 

19. An imaging system according to claim 11, further 
comprising a computing mechanism which is electrically 
coupled to said imaging device, and a conveying mechanism 

30 which is electrically coupled to said computing mechanism, 
and said imaging device supplies a sensed image, of the 
object to be imaged, to said computing mechanism which 
determines a mark carried by said object to be observed 
and outputs a signal to said conveying mechanism to 

3 5 control further manipulation of said object to be observed 
in view of the determined mark. 

20. An imaging system according to claim 11, wherein 
an out of focus camera plane absorber is provided for 
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absorbing the light reflected by said beam splitter away 
from the optical axis of said imaging system. 

21. An method of imaging an object having at least 
one soft mark therein , said method comprising the steps 

5 of: 

supplying a focussed light from a light source 
to a surface of said object to be observed which contains 
said at least one soft mark thereon; 

reflecting said supplied light off said surface 

10 of the object, containing said at least one soft mark, and 
focussing the reflected light at a focal plane; and 

positioning a light receiving input of an 
imaging device adjacent said focal plane such that only 
light which is imperfectly reflected and partially 

15 scattered by at least a perimeter area of said at least 
one soft mark enters said light receiving input and is 
perceived by said imaging device while a remaining portion 
of the supplied light is substantially perfectly reflected 
and forms an image of said light source at said focal 

20 plane. 

22, A method of imaging an object having at least 
one soft mark therein, said method comprising the steps 
of: 

supplying a collimated light from a light source 
25 to a surface of said object to be observed which contains 
said at least one soft mark thereon; 

reflecting said supplied collimated light off 
said surface of the object, containing said at least one 
soft mark, and focussing the reflected collimated light at 
30 a focal plane; and 

positioning a light receiving input of an 
imaging device adjacent said focal plane such that only 
light which is imperfectly reflected and partially 
scattered by at least a perimeter area of said at least 
35 one soft mark enters said light receiving input and is 
perceived by said imaging device while a remaining portion 
of the supplied light is substantially perfectly reflected 
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and forms an image of said light source at said focal 
plane and spaced from said light receiving input. 

23. The method according to claim 21 or 22 further 
comprising the step of locating a beam splitter between 

5 said light source and the object to be observed and 
allowing a portion of said focussed light to pass through 
said beam splitter and be supplied to the object to be 
observed and receiving the light reflected by the object 
to be observed and reflecting a portion of the received 
10 reflected light toward said imaging device. 

24. The method according to claim 21 or 22 further 
comprising the step of locating a first lens and a second 
lens adjacent said first lens, and arranging said first 
and second lens in an opposed relationship with respect to 

15 one another to facilitate focussing of an accurate image 
of said light source at said focal plane. 
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